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Pre-town meeting at Jefferson Lab

* Meeting

August 13 - 15, 2014
Thomas Jefferson National Accelerator Facility

e Goals

The goal of this meeting was to have a critical number of scientists from the
Spin physics community gathered with the purpose to update and sharpen our
message as it relates to the case for the Electron lon Collider in the USA

* Participants

44 scientists from JLab, BNL, LBNL, LANL, SLAC and other labs and
universities including 6 remote participants from Europe

* Results

http://lwww.jlab.org/conferences/pretownjlab2014/
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Electron lon Collider in the USA

Broad agreement of the Spin physics community that the next facility
should be Electron lon Collider
Explore “sea” quark and gluon dominated region.

| From the White Paper:
— High luminosity up to
L~ 10 (cm™2%s1)

— Variable energy range

Vs =~20to ~ 100 (GeV)

— Polarized, longitudinally and transversely,
for the proton and light-ions

— Unpolarized heavy-ion beams

— wide acceptance detector and good PID
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EIC White Paper (2012) is an excellent
summary of EIC physics

The goal of the meeting was to
review progress in the last 2 years
In SPIN physics and “3-D” structure
of the nucleon
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W. Vogelsang E. Sichtermann

Helicity structure at EIC e aschenauer 3. qiw

W. Melnitchouk Many others

Without EIC we will never have a good quantitative knowledge of
Spin decomposition of the nucleon
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Helicity structure at EIC

W. Vogelsang
E. Aschenauer
W. Melnitchouk

E. Sichtermann
J. Qiu
Many others

Without EIC we will never have a good quantitative knowledge of
Spin decomposition of the nucleon
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Also functions, not only integrated quantities
No other facility in the World can do it!
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3D structure of the nucleon cwis A Radyushkin

M. Burkardt  Many others

oD

Wigner function

Transverse

- Generalized
Momentum W(Jﬁ, k’._!_" JWJ_.) Parton
Dependent 7 Distributions
distributions / i A2k N

TMDs x

GPDs

.Jefferé"bn Lab



Yuan X. Ji

3D structure of the nucleon cwass A Raayushin

M. Burkardt  Many others

TMDs GPDs
Enormous progress of understanding _
of evolution. We are able to span energies Important progress of analysis of EIC
of JLab 6 GeV up to LHC Impact
o A N L B LR X (x5, G7) L) X (x5, [ far?) xgxb,0%) [ fr?)
E HERMES (e+p ->m+X) § o AR RN L RN RN RN RN BRI RS -
02<2<03 3 ER ATLAS LHC bizlin bl &2 e
E UDB? }— i 7 BosoN E ! ) (x 0.19)
E 0.0 ,"'/ —; o
E —; nmé \\g\\ 7_ / /i:\ \ | gl VZ':' . IR T :
ol plu b, 05 \;a (R B T R A R mre»z. T * ‘{ //’/} ) i J"“ ";‘/
‘arxiv:1406.3073 > T T N
Publication by JLab, HERMES, COMPASS AN T ZEEN. N 4
data on multiplicities is an essential step PRI -+
forward towards better understanding of T T T
TMDs
e S JHEP 1309 (2013) 093
u quark
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F. Yuan X. Ji

3D structure of the nucleon cweiss . Rraayushiin

M. Burkardt  Many others

Data of EIC is essential for our understanding of hadron structure in the
regime dominated by “sea” quarks and gluons

u TMD Sivers function at EIC ~Sea quark GPD functions at EIC
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Progress of lattice QCD and other non-perturbative methods is very encouraging
and is complementary to our experimental goals of EIC

We are going to discover new phenomena and new structures associated with
hadron dynamics

Spin physics community is thrilled about the prospect of building an Electron lon
Collider in the USA
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F. Yuan X. Ji

3D structure of the nucleon cweiss . Rraayushiin

M. Burkardt  Many others

Data of EIC is essential for our understanding of hadron structure in the
regime dominated by “sea” quarks and gluons

u TMD Sivers function at EIC ~Sea quark GPD functions at EIC
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Progress of lattice QCD and other non-perturbative methods is very encouraging
and is complementary to our experimental goals of EIC

We are going to discover new phenomena and new structures associated with
hadron dynamics

Spin physics community is thrilled about the prospect of building an Electron lon

THANK YOU!
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Overview of SoLID

Solenoidal Large Intensity Device

 Full exploitation of JLab 12 GeV Upgrade
— A Large Acceptance Detector AND Can Handle High Luminosity (1037-103°)
Take advantage of latest development in detectors, data acquisitions and simulations
Reach ultimate precision for SIDIS (TMDs), PVDIS in high-x region and threshold J/y
5 highly rated experiments approved
Three SIDIS experiments, one PVDIS, one J/y production
Bonus: di-hadron, Inclusive-SSA, and much more ...
eStrong collaboration (200+ collaborators from 50+ institutes, 11 countries)
Significant international contributions

SolLID (PVDIS)

EM Calorimeter;
[(forward/angle))

Beamline] -

Coil.and,Yoke, l

Light Gasill Heavy Gas]




Nucleon Structure with SoLID-SIDIS

Semi-inclusive Deep Inelastic Scattering

Collins Asymmetry

Total > 1400 points
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program:

Large Acceptance + High Luminosity
+ Polarized targets
- 4-D mapping of Collins, Sivers, and

pretzelocity asymmetries,...

— Tensor charge of quarks, transversity

distributions, TMDs...

- Benchmark test of Lattice QCD, probe
QCD Dynamics and quark orbital motion

Pretzelosity = information on OAM

S S
D D
D S
b N

S
~
S
[

Pretzelocity Asymmetry

- (T, neutron)

—— Pasquini et. al.
« 90 days SoLID




Parity Violation with SoLID

Parity-violating Deep Presentation by P. Souder
Inelastic Scattering: and K. Kumar

* High Luminosity on LD2 and LH2

 Better than 1% errors for small
bins over large range kinematics

 Test of Standard Model
» Quark structure of nucleon:

charge symmetry violation
d/u at large x

quark-gluon correlations

“ SoLID-PVDIS

[2C,,- Cyq]

PVDIS asymmetry has two terms: [2C; - C14]
1) C,, weak couplings, test of Standard

Model Mass reach in a composite model

2) Unique precision information on SoLID-PVDIS ~ 20 TeV (LHC scale)
quark structure of nucleon



SoLID-J/y: Study Non-Perturbative Gluons

Presentation by Z. Zhao

J/\: ideal probe of non-perturbative gluon

The high luminosity & large acceptance capability of SoLID enables a unique “precision”

measurement near threshold

* Shed light on the low energy J/y-nucleon interaction (color Van der Waals force)
* Shed light on the ‘conformal anomaly’ an important piece in the proton mass budget:

Models relate J/{ enhancement to trace anomaly

aBrey
GG,

Proton Mass Budget

X.Ji PRL 741071 (1995)

M 20%

M 29%

H17%
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| 4rv Photoproduction Total Cross Section from nucleon |
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SoLID Timeline and Status

- 2010-2012 Five SoLID experiments approved by PAC (4 A, 1 A- rating)
3 SIDIS with polarized 3He/p target, 1 PVDIS, 1 threshold J/hy

- 2013: CLEO-Il magnet formally requested and agreed
- 2014: Site visit, plan transportation to JLab (2016)
2010-2014: Progress

- Spectrometer magnet, modifications

- Detailed simulations

- Detector pre-R&D

- DAQ
v’ 2014: pre-CDR submitted for JLab Director’ s Review

. . - LR | -
Active collaboration, |

200+ physicists from 50+ international institutions
GEM R&D

China/UV
Draft funding profile includes significant ina/UVa

international contributions (China)

P




Progress in Detectors
SIDIS/TMD Program



pvois  SOLID Detector Development

mirr2 — Simulations now with realistic backgrounds
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GEM Progress Chinese Collaboration

e First full size prototype assembled at UVA, tested in beam (Fermi Lab)
e 30x30 cm prototype constructed, readout tested (CIAE/USTC/Tsinghua/Lanzhou)
e GEM foil production facility under development at CIAE (China)

- N Ee GEM foils made at CIAE

'l
-

> 95 % efficiency

MRPC — High Resolution TOF  rimingresolution 85 ps

110 270
H H T T ! T ! ® Efficiency
B TimeResoluti

A MRPC prototype for
SOLID-TOF in JLab

Y. Wang, et al. JINST 8
(2013) P03003 3

(Tsinghua)

ffi cy (%)

5200 5400 5600 5800 6000 6200 6400 6600 6800 7000 7200
Voltage (V)



http://inspirehep.net/author/profile/Wang, Y.?recid=1223763&ln=en
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Collins Asymmetries ~ Transversity (x) Collin Function

Transversity and Tensor Charge

Transversity: chiral-odd, not couple to gluons, valence behavior, largely unknown
Tensor charge (0th moment of transversity): fundamental property
Lattice QCD, Bound-State QCD (Dyson-Schwinger) , Light-cone Quark Models, ...
Global model fits to experiments (SIDIS and e+e-)
SoLID with trans polarized n & p 2 determination of tensor charges ford & u

Tensor Charges

Collins Asymmetries
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Projections with a model
There are un-measured regions
QCD evolutions being worked

1-12 GeV SoLID (projection)

Extractions from experiments:

2,3 - Anselmino et al, Phys.Rev. D87 (201
4 - Anselmino et al, Nucl. Phys. Proc. Suj
5 - Bacchetta, Courtoy, Radici, JHEP 130:
Lattice QCD:

6 - Alexandrou et al, PoS(LATTICE 2014)
7 - Gockeler et al, Phys. Lett. B (2005)
DSE:

8 - Pitschmann et al, (2014)

9 - Hecht, Roberts and Schmidt, Phys. Re
Models:

10 - Cloet, Bentz and Thomas, Phys. Lett
11 - Wakamatsu, Phys. Lett. B (2007)

12 - Pasquini et al, Phys. Rev. D (2007)
13 - Gamberg and Goldstein, Phys. Rev. |
14 - He and Ji, Phys. Rev. D (1995)



TMDs: 3-d Structure, Quark Orbital Motion

= TMDs : Correlations of transverse motion with quark spin and orbital motion
= Without OAM, off-diagonal TMDs=0,
no direct model-independent relation to the OAM in spin sum rule yet
= Sivers Function: QCD lensing effects
= |n alarge class of models, such as light-cone quark models
Pretzelosity: AL=2 (L=0 and L=2 interference, L=1 and -1 interference)
Worm-Gear: AL=1 (L=0 and L=1 interference)
= SolLID with trans polarized n/p = quantitative knowledge of OAM

e — £ —

g 0.006 - — Pasquini et. al. g 0.002- _ —— Pasquini et. al,
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Neutron Asymmetry

03
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0.1

-0.1

-0.2

-0.3

Dominated by real part of interference

Worm-gear Functions 9=

between L=0 (S) and L=1 (P) states
No GPD correspondence
Exploratory lattice QCD calculation:

Ph. Hagler et al, EPL 88, 61001 (2009)

Neutron Projections,

AqLmn
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Polarized Dell-Yan at Fermilab

APS LRP:

Joint Town Meetings on QCD
(13-September, 2014)

Wolfgang Lorenzon

UNIVERSITY OF MICHIGAN

¢ Unpolarized Drell-Yan at Fermilab:
—> SeaQuest [E-906]:

—> sciencerun:
® Polarized Drell-Yan at Fermilab:
—> polarized Target [E-1039]:

—> polarized Beam [E-1027]:

® Ppresent status & needs

(~70 collaborators)
(USA, Japan, Taiwan)
Feb 2014 — spring/summer 2016
(USA, Japan, Taiwan, Spain) (~80 collaborators)
2016 (for 2 yrs) Stage 1 approval: July-2013

>2018 (for 2 yrs) Stage 1 approval: Nov-2012



Energy

COMPASS
(CERN)

PANDA
(GsI)

PAX
(GsI)

NICA
(JINR)

PHENIX/STAR
(RHIC)

fsPHENIX
(RHIC)

SeaQuest
(FNAL: E-906)

Pol tgt DY*
(FNAL: E-1039)

Planned Polarized Drell-Yan Experiments

T

X, OF X,
160 GeV
\IS =17 Xt—0.1—0.3
_;+ 15GeV ool
p+p Ns=5.5 =0.2-0.4
+. =  collider a1
p'+p Vs = 14 X,=0.1-0.9
t collider P
p'+p Vs = 26 =0.1-0.8
1 1 collider _ _
p'+p Vs = 510 =0.05-0.1
1o Vs=200 =0.1-0.5
PP Js=510 = 0.05-0.6
., 120GeV  x,=035-0.9
P*P ys=15 =0.1-0.45
o 120Gev
1-04
\s=15 =01-045

Luminosity

(cm2s?)

2 x1033

2 x 1032

2 x103°

1x 1031

2 x 1032

8x 103!
6 x 1032

3.4 x 10%

4.4 x 103

0.14

0.07

0.06

0.04

0.08

0.08

0-
0.2*

P, = 90%
f=0.22

P, = 90%
f=0.22

P, = 90%

P, = 70%

P, = 60%

P, = 60%
P, = 50%

P.=88%
f=0.176

1.1x103

1.1 x10*

2.3x10%

6.8x 103

1.0x 103

4.0 x 104
2.1x103

2014, 2018

>2018

>2020?

>2018

>2018

>2021

2012 - 2015

2016

*8 cm NH, target

§1=1 x 10% cm? s* (LH, tgt limited) / L=2 x 10°* cm™ s (10% of MI beam limited)
*not constrained by SIDIS data / #rFOM = relative lumi * P2* f2 wrt E-1027 (f=1 for pol p beams, f=0.22 for 7~ beam on NH,)

W. Lorenzon (U-Michigan) 9/10/2014



Polarized Beam Drell-Yan at Fermilab (E-1027)

Polarized Drell-Yan:

i i
—> QCD (and factorization) require sign change fﬂ‘ :—fﬂ‘

30S DY

— major milestone in hadronic physics (HP13)

Extraordinary opportunity at Fermilab (best place for polarized DY) :

— high luminosity, large x-coverage oosf -
— (SeaQuest) spectrometer already setup and running ..
—> run alongside neutrino program (w/ 10% of beam) el

F3
<C

—> experimental sensitivity: of
> 2yrsat50% eff, P, = 60%, I,= 15 nA o0 |
> luminosity: L, = 2 x 103% /cm?/s .o.o4f_ | o

Path to polarized proton beam at Main Injector
— perform detailed design studies

Cost estimate to polarize Main Injector $10M (total) Lo e ot sl o
—> includes M&S, labor, 15% project management s s>/ N / ) Lr;;‘“m
& 50% contingency e —

Fe~."Uncalibrated and CNI
Polarimeters with Hy Jet Target \\_Pl:ﬂlsnik?mdg

120 GeV/c Main Injector

Measure DY with both Beam or/and Target polarized

— broad spin physics program possible



A Novel, Compact Siberian Snake for the Main Injector

Single snake design (6.4m long):

- 1 helical dipole + 2 conv. dipoles
-helix: 4T/56m/4"ID
- dipoles: 4T/0.2m /4" ID

- use one 4-twist helical magnet
- 87 rotation of B field

- never done before in a high energy ring
- RHIC uses snake pairs
- 4 single-twist magnets (2= rotation ea)

Path to polarized proton beam at Ml

- detailed design studies: $300k (short-term)
- implement modifications to Ml $10M (longer-term)

Needs
- endorsement in LRP document

initial design studies

B [tesla]

Excursion [mm]
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@ 6 A M oN s o o0
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Siberian Snake B-Fields
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Polarized Beam Drell-Yan at Fermilab (E-1039)

® Probe Sea-quark Sivers Asymmetry
with a polarized proton target at SeaQuest

. Drell-Yan Target Single-Spin Asymmetry - existing SIDIS data poorly constrain
pp! — WX, A<M, <9 Gev sea-quark Sivers function

— significant Sivers asymmetry expected
from meson-cloud model

— first Sea Quark Sivers Measurement
— determine sign and value of u Sivers

distribution
_0_2 L
- un an uan, - -
, E=2 Ansetmine et o1, 2009 If A\#0, major discovery:
o1 ois o2 028 o3 o3 os “Smoking Gun” evidence for L #0

target

- Statistics shown for one calendar year of running:
-L=7.2*10%2/cm? — POT =2.8*1018
- Running will be two calendar years of beam time



Status and Plans (E-1039)

Target
Polarization: 85%
Packing fraction 0.6
Dilution factor: 0.176
Density: 0.89 g/cm3
Po\af\Zed 2’(“\
Target

S\

10000

- use current SeaQuest setup, a polarized

proton target, unpolarized beam

add third magnet SMO ~5m upstream B0OO
improves dump-target separation
moves <x;> from 0.21 to 0.176
reduces overall acceptance I
adds shielding challenges

RO

4000

Ref: Andi Klein (LANL)

*T jweight™[mass=4 && mass < & && Hagl =0 && Nag? =0)

htemp

Entries 159594
Mean 0.1759
=1 }=4 0.04832

1 1
0.5
xT




COMPASS, E-1027, E-1039 (and Beyond)

Beam | Target | Favored Physics Goals
Pol. Pol. Quarks _ :
(Sivers Function)
sign : Lsea
change size | shape
COMPASS
- pT L X X valence X X X
pT FIJE-_]')(L%ZX X valence X
E-1039
op x| X °e X
E-10XX
o p! = 4t u X sea & Transversity, Helicity,
pp— ﬂVl_X valence Other TMD:s ...




Polarized Drell-Yan Recommendation Text for the
QCD Town Meeting

® A high-luminosity polarized Drell-Yan program at the Fermilab Main Injector with
both polarized beams and targets is endorsed by the U.S. QCD community.



The Importance of a New Transverse Spin Program
at RHIC and Its Impacts on Future e+p Physics
Ming Liu (Los Alamos)

QCD Challenges Multiple Probes
* Universality * p+p &et+p
Predictions * Consistency

Probing Strong Interaction
Dynamics and Structures



When “pp” and “DIS” Confront Each Other: A Surprise!

First attempt to test the universal QCD descriptions of TSSA in p+p and e+p

 What are the sources of the large TSSA in p+p?
— Long-standing puzzle ~40 years!
— Sivers and Collins effects observed in SIDIS

* Are they universal?

— p+p vs SIDIS

k
914, p(7,2) 2 2- /koL’ ]\Z’ A, k)| sos

0.2

0.1~

i p+pT—>7T(pT)+T

P+P: Twict ?
L] LN Y I VVI* \.0
ppat \s=200GeV i

IDIS: TMD

" HER F *2002-2005
PrEIim"-Iary

) '.':.I'-'.':."‘i"_’_' =

'_:".'.';'.'.'f =

-0.1-

0 0102030405 02 04 06 08 0.2 04 06 08 1

X

z P; (GeV)
Ming Liu, QCD Townhall 2014

X gTu’F(x, X)

Urgency: Experimental resolution!

0.1 F

0.05

-0.05 |

0.1 |

SIDIS:

— Sivers and Collins separated
— Limited to “small” (x,Q?)
— Need EIC to help!

— Inclusive TSSA, mix of effects
— Limited to “large” (x, Q?)
— Need new data to overlap SIDIS!

Kang, Qiu, Vogelsang, Yuan (2011)

S Q=2 GeV
:(;‘---‘&f‘w:--% EIC?
‘_ E \\\

: SIDIS




Proposal: New Transverse Spin/TMD Physics at RHIC

Discover Novel QCD Structures and Dynamics at RHIC

New Opportunity at RHIC - the world only

polarized p+p Collider

— First unambiguous measurements of initial and

final state spin asymmetries in p+p
* Jet “Sivers” asymmetry
* Intra-Jet “Collins” asymmetry
* Direct comparison with SIDIS

— Access new quark and gluon TMDs
* Boer-Mulders, Warm-Gear etc

— Requires new experimental capabilities
* Full jet, forward rapidity
* Drell-Yan and other probes possible

Recent revolution in “TMD physics”
— Universal QCD descriptions being developed
— EIC physics focus

Unique opportunity, discovery physics!

— Harvest early investment with moderate
detector upgrade (also EIC ready)

— Critical for EIC physics interpretation

. Singg )
Xam Ay ™ > “Sivers”
- sin(¢g, ¥ ) .
"’bq,,% Ay - “Collins”
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Yuan, D’Alesio, Kang, Gamberg et a/

B Sivers B Collins Plot by Kang

250 a
RHIC-spin, LOI (1991)
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“Spin Crisis”
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100 Trans. Spin ?
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1990-1993 1994-1997 1998-2001 2002-2005 2006-2009 2009-2012
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Jet “Sivers” and “Collins” Measurements

e Jet “Sivers” Asymmetry

0.05 T 0.04 T T
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Intra-Jet “Collins” Asymmetry
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- CTEQ 10, NLO
- Q"2 =10 GeVA2

There are a lot of gluons at
X1>0.1

Access gluon TMDs in p+p
in leading order processes

Forward jets: x1 >> x2
u(x1) + g(x2) -> jets
g(x1) + g(x2) —> jets
d(x1) + g(x2) -> jets

g(x1) + g_sea(x2) -> jets
q(x1) + g_sea(x2) -> jets

9/8/14

[ HEMDATA
— Datebases

xf(x,Q2)

Gluons are Important at Large x Too!
incoming parton flavors

1.2 |~

0.8

Qxx2= 10
| |

GeVxx2
CT10nlo(central)

CT10nlo(central)

up
prpx down

nin gluon

CT10nlo(central)

Ming Liu, QCD Townhall 2014




Target fragmentation region and fracture functions &Q@’O

L

Large acceptance of CLAS12 and EIC provide a unique
possibility to study the nucleon structure simultaneously
in current and target fragmentation regions in SIDIS

do TFR

dx dedg d@sdG? probability to produce the hadron h
when a quark q is struck in a proton target

6771
Z €, X | -
7Q2 M. Anselmino, V. Barone and A. Kotzinian, Phys. Lett. B 699 (2011) 108

T (xzp, () cos (¢ — (DS)“

2
{ (1 —y+ %) [AI(Q?B, ¢)+ SJ-\"”SHAL{J(Q-’B: ¢)

‘ Measurements of hadrons produced in the target
+hy (1 — —) [S\ 1AM (zg, ((+ S)A M*E (r@ fragmentation region (fracture functions) opens a
new avenue in studies of the structure of the

+|Sn1| S| AME (zp, ) sin (¢ — @S)]} nucleon in general and correlation between
current and target fragmentation in particular

Jefferfon Lab H. Avakian (JLab) , TM-2014, Sep 13-15



A production in the target fragmentation region

A — unique tool for polarization study due dN x 1+ a'P.\ cos 0*
to self-analyzing parity violating decay d cos 9; o p
g 0.8 e 12 GeV projected results]
. ' 2 A ML - v CLAS eff (prel.
TFR Y (1 - ‘%) 20 €AM . _L E COMPASép :
ALUL — hS” ) Z 3, 0.6/ l A HERMES
_ 2 B o _NOMAD
( y+ 2 ) Za‘ “a B ISM prediction
0.4 —
polarization tranfer coefficient - 7
2 A N\sL 0.2 B ¢
DLL — a ea%*\'.[ L A\—\A\
Za E’aﬂ[ 0
30 days of CLAS12 -0.2(—
data taking i —y n
B L L I 1 1 1 l 1 1 1 I L L 1 I 1 1 l 1 1 1 1 1 1 1 1
V%8 06  -0.4 0.2 0 02 04 06 0.8

Projected results of the longitudinal spin transfer as a function of x. (red
full circles) compared with the CLAS preliminary data and the ISM prediction

Jefferfon Lab H. Avakian (JLab) , TM-2014, Sep 13-15



Back-to-back hadron (b2b) production in SIDIS

= Py

e’
e

ya-% mit?

Aw =-
(1-y+%) Fuou

sinA¢

Lh
_|P1L|P2y| ya-4%) C[’w5ML D]

j] FZIII}(¢1—¢2) —

U T
M. Anselmino, V. Barone and A. Kotzinian, | U M M;h‘ Mh A 1—
Physics Letters B 713 (2012) :
5B AREEL AR
MR AMLE T AL ME Mew A MR
11 P \C[w5 ppy) (T AL AelE | Ay Ak ArME
myms2 A;ME A;MIL‘AIMI

The beam—spin asymmetry appears, at leading twist and low
transverse momenta, in the deep inelastic inclusive lepto-
production of two hadrons, one in the target fragmentation
region and one in the current fragmentation region.

Back-to-back hadron production in SIDIS would allow:

» study SSAs not accessible in SIDIS at leading twist

« measure fracture functions

« control the flavor content of the final state hadron in
current fragmentation (detecting the target hadron)

« study correlations in target vs current and access
factorization breaking effects (similar to pp case)

« access quark short-range correlations and xSB

sinA¢ (Schweitzer et al)

mymz - (1-y+%)  C[MDy]

.geffe?son Lab

H. Avakian (JLab) , TM-2014, Sep 13-15
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ALu in b2b SIDIS with CLAS @ 5.5 GeV

hBHelRatioBI8

0,025 Entries 12

- Mean 1609
002 + RMS 37

o ! ndf 219
0015 po 0.0105440.00134

- pt 00059514 0.001315
0.005— J»

<0.005

0.01
0015
£0.02
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-
-
8
&

Preliminary results for a significant ALU asymmetry
from CLAS with 1+ produced in CFR and m— —in TFR.

Jefferfon Lab H. Avakian (JLab) , TM-2014, Sep 13-15 0



A production in the target fragmentation region

A500
c | (LEPTO 4x60) @
3000 |- | S
(&) I O
2500 |- ( o
2000 |- 1 direct A
1500 |-
I m .
1000 - . .
g T 1‘ hyperon decay A anti-AX
500 |- = BT
| o - C e--d ﬁl I
O-J.".{.KJH.,.‘|.‘.l...l"f.".";-rr-r-—-l-m ; 0""‘“"""\“"""""mﬁﬂﬂﬂ'—
1 -08-06-04-02 0 02 04 06 08 1 -1 -0.8 -06 -04 -0.2 0 0.2 04 0.6 0.8x1
X F
F

Most of the direct Lambdas in the target fragmenatation region

= b}
10 4 angular distributions of : -
- protons and ani-protons 3
1031 - a4
i S5 - (&
I f — = §
1025— ’—’_—' : :J : .I’_.‘: 4
. .- N — . ‘ A= o > y i »
I F‘J T H e :E-
10 -
, - ﬁ l
PRI BRI EPRN BRI BRI BRI RN R R Sl 7 N | P S —
0O 20 40 60 80 100 120 140 160 180 ¥ 4
ep Xg Xe

Jefferfon Lab H. Avakian (JLab) , TM-2014, Sep 13-15



correlations between target and current

Py

£

current Tval —>
fragm.

Qval >
qq) —§
Qval >

Jefferfon Lab H. Avakian (JLab) , TM-2014, Sep 13-15



Single hadron production in hard scattering

Xg>0 (current fragmentation)

Ui =L

X<0 (target fragmentation) 'ﬂ
f X -

Target fragmentation Current fragmentation
semi-inclusive

momentum
in the CM frame

exclusive

FF h h
- —i GPD —
n

-1 0

Xp

Fracture Functions kK-dependent PDFs Generalized PDFs

Wide kinematic coverage of large acceptance detectors allows studies
of hadronization both in the target and current fragmentation regions

Jefferfon Lab H. Avakian (JLab) , TM-2014, Sep 13-15



Sivers effect in the target fragmentation

A.Kotzinian

7T IT P
AaCLAS1Z
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High statistics of CLAS12 will allow studies of kinematic
dependences of the Sivers effect in target fragmentation region

Jefferfon Lab H. Avakian (JLab) , TM-2014, Sep 13-15



Tensor Spin Observables

Property of spin-1 nuclei
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Tensor Spin Observables

Property of spin-1 nuclei

Vector P, =p, — p_

Development of a high luminosity,
high tensor polarized target has
promise as novel probe of nuclear
physics
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(11 |A Rachek et al, PRL 98, 182303 (2007)

Tensor Spin Observables

Property of spin-1 nuclei

Vector P, =p, — p_

Development of a high luminosity,
high tensor polarized target has
promise as novel probe of nuclear
physics

Of all tensor observables, currently
only elastic t,, is well measured!!]
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(21 p Hoodbhoy et al, Nucl. Phys. B312, 571 (1989) Te n SO r S pi n O bse rva b I es

New tensor structure functions!?

Property of spin-1 nuclei
Y P by, by, b3, by

Vector P, =p, — p_

Development of a high luminosity,
high tensor polarized target has
promise as novel probe of nuclear
physics

Of all tensor observables, currently
only elastic t,, is well measured!!]
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(21 p Hoodbhoy et al, Nucl. Phys. B312, 571 (1989) Te n SO r S pi n O bse rva b I es

New tensor structure functions!?
bl' bZ' b3' b4

Vector P, =p, — p_ b — CIO(X) — Cli(x)
| =
2

Property of spin-1 nuclei

Development of a high luminosity,
high tensor polarized target has
promise as novel probe of nuclear
physics

Tensor Structure Function b,

Of all tensor observables, currently
only elastic t,, is well measured!!]
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(21 p Hoodbhoy et al, Nucl. Phys. B312, 571 (1989) Te n SO r S pi n O bse rva b I es

New tensor structure functions!?!
bli bZi b3' b4
Vector P, = p, — p_ 7°(x) — g (x)
b1 — 2

b, allows us to quark distributions
dependent on polarization of the nucleus

Property of spin-1 nuclei

Development of a high luminosity,
high tensor polarized target has
promise as novel probe of nuclear
physics

Tensor Structure Function b,

Of all tensor observables, currently
only elastic t,, is well measured!!]
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(21 p Hoodbhoy et al, Nucl. Phys. B312, 571 (1989) Te n SO r S pi n O bse rva b I es

New tensor structure functions!?!
bli bZi b3' b4
Vector P, = p, — p_ 7°(x) — g (x)
b1 — 2

b, allows us to quark distributions
dependent on polarization of the nucleus

’H =®+@|:>b1=0

Property of spin-1 nuclei

0.012 n
0.01 —
0.008 — Sargsian (lc)
0.006 — Sargsian (vn)
. . . 0.004 [ Miller (One m Exch.)
Development of a high luminosity, o E
hlgh.tensor polarized target has Tensor Structure Function b, < oF
promise as novel probe of nuclear 0002 —
. -0.004 |—
physics 0.006 —
-0.008 —
-0.01 —
Of all tensor observables, currently _0012‘ .
o 0.1 0.2 0.3 0.4 0.5 0.6

only elastic t,, is well measured!!]
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(11 |A Rachek et al, PRL 98, 182303 (2007)
(2] P Hoodbhoy et al, Nucl. Phys. B312, 571 (1989)

Property of spin-1 nuclei

Vector P, =p, — p_

Tensor Spin Observables

New tensor structure functions!?
bl' bZ' b3' b4

~q°(x) = g*(x)
B 2

b, allows us to quark distributions
dependent on polarization of the nucleus

’H =®+@|:>b1=0

Conventional nuclear physics models
can’t reproduce HERMES data

by

Development of a high luminosity,

high tensor polarized target has

Tensor Structure Function b,

promise as novel probe of nuclear

physics

Of all tensor observables, currently
only elastic t,, is well measured!!]
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(21 p Hoodbhoy et al, Nucl. Phys. B312, 571 (1989) Te n SO r S pi n O bse rva b I es

Property of spin-1 nuclei

Vector P, =p, — p_

Development of a high luminosity,
high tensor polarized target has
promise as novel probe of nuclear
physics

Of all tensor observables, currently
only elastic t,, is well measured!!]

New tensor structure functions!?
bl' bZ' b3' b4

q°(x) — q*(x)
2

b, allows us to quark distributions
dependent on polarization of the nucleus

’H =®+@|:>b1=0

Conventional nuclear physics models

b1=

can’t reproduce HERMES data "
Only introducing hidden color effects has 0.008
been able to 0.006

0.004

0.002

Tensor Structure Function b, < ¢
-0.002

-0.004

6-quark hidden colorl* -0.006
-0.008

-0.01

-0.012

(41 G Miller, Phys. Rev. C89, 045203 (2014)

//

HERMES

= Miller bl6q at Q" =1.17 GeV*
m— Miller bl6q at 0 =1.76 GeV®
= Miller b16q at 0" =2.12 GeV*
m— Miller bl6q at Q" =3.25 GeV*

Kumano

—
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[ ]
e rere e, Tensor Spin Observables
31 FE Close, S Kumano, Phys. Rev. D42, 2377 (1990)

New tensor structure functions!?
bli bZi b3' b4
q°(x) — q*(x)
2

b, allows us to quark distributions
dependent on polarization of the nucleus

’H =®+@|:>b1=0

Conventional nuclear physics models
can’t reproduce HERMES data
Only introducing hidden color effects has
been able to

Property of spin-1 nuclei

b1=

Development of a high luminosity,
high tensor polarized target has
promise as novel probe of nuclear
physics

Tensor Structure Function b,
Close-Kumano sum rulel3!
6-quark hidden colorl*]

Of all tensor observables, currently
only elastic t,, is well measured!!]

0.16

0.14

0.12

0.1

(41 G Miller, Phys. Rev. C89, 045203 (2014)

@ HERMES
= Miller bl6q
s Kumano (With 8, gbar)

— — Kumano (No & gbar)
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HERMES
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[ ]
e rere e, Tensor Spin Observables
31 FE Close, S Kumano, Phys. Rev. D42, 2377 (1990)

Property of spin-1 nuclei

Development of a high luminosity,
high tensor polarized target has
promise as novel probe of nuclear
physics

Of all tensor observables, currently
only elastic t,, is well measured!!]

New tensor structure functions!?
b, bz, bs, ba 0.14
+
CIO(x) —q~(x) 0.12
2 0.1

b, allows us to quark distributions
dependent on polarization of the nucleus

2H :®+@:>b1=0 0.0§

0.16

b1=

[41 G Miller, Phys. Rev. €89, 045203 (2014)
[1 SK Taneja et al, Phys. Rev. D86, 036008 (2012)
[6] S Kumano, Phys. Rev. D82, 017501 (2010)

@ HERMES
= Miller bl6q
s Kumano (With 8, gbar)

— — Kumano (No & gbar)

Conventional nuclear physics models

can’t reproduce HERMES data "
Only introducing hidden color effects has 0.008
been able to 0.006

0.004

0.002

Tensor Structure Function b, q“_o 002
Close-Kumano sum rulel3! 0,004
6-quark hidden color -0.006

. . . -0.008

OAM and spin crisis! 001
Pionic effects!*®! 0.012

Polarized sea quarks(®
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|
HERMES
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\ Kumano
—
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[ ]
e rere e, Tensor Spin Observables
31 FE Close, S Kumano, Phys. Rev. D42, 2377 (1990)

Property of spin-1 nuclei

Development of a high luminosity,
high tensor polarized target has
promise as novel probe of nuclear
physics

Of all tensor observables, currently
only elastic t,, is well measured!!]

New tensor structure functions!?
bl' bZ' b3' b4

~q°(x) = g*(x)
B 2

b, allows us to quark distributions
dependent on polarization of the nucleus

’H =®+@|:>b1=0

Conventional nuclear physics models
can’t reproduce HERMES data
Only introducing hidden color effects has
been able to

JLab E12-13-011, A- Rating, C1 Approved
Tensor Structure Function b,
Close-Kumano sum rulel3!
6-quark hidden colorl*]

OAM and spin crisisl!

Pionic effects(#®!

Polarized sea quarks(®

by
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[41 G Miller, Phys. Rev. €89, 045203 (2014)
[1 SK Taneja et al, Phys. Rev. D86, 036008 (2012)
[6] S Kumano, Phys. Rev. D82, 017501 (2010)

@ HERMES
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s Kumano (With 8, gbar)

— — Kumano (No & gbar)
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JLab LOI12-14-002: Tensor Asymmetry
A,, inthe x > 1 Region
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Tensor Spin Observables

JLab LOI12-14-002: Tensor Asymmetry
A,, inthe x > 1 Region
Similar to t,q, but in QE
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Tensor Spin Observables

JLab LOI12-14-002: Tensor Asymmetry
A,, inthe x > 1 Region
Similar to t,,, butin QE
SRCs & pn dominancell!
Differentiate light cone and VN models!?!

02 —
0 F
02
= N 0.4 :—
= 06 B
0.8 — & O = 1.5 GeV? Projected
- [F— — Sargsian Light Cone [11J Arrington et al, Prog. Part. Nucl. Phys. 67, 898 (2012)
[~ — Sargsian Virtual Nucleon 2 . . . .
L E [21 M. Sargsian, private communication
2B e b by |, |

06 07 08 09 1 1.1 12 13 14 15 16 1.7 18 19 2

xBjorken
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JLab LOI12-14-002: Tensor Asymmetry

Differentiate light cone and VN models!?!

z

0.2

-0.2

0.4

-0.6

-0.8

-1.2

Tensor Spin Observables

A,, inthe x > 1 Region
Similar to t,,, butin QE
SRCs & pn dominancell!

Better understanding of s/d!3!

%dz—sd
Azz X s2 4+ d?

& O=0.7 GeV’ Projected
& O =0.3 GeV’ Projected
& " =1.5GeV’ Projected
— Sargsian Light Cone

II|III|III|III|III|III III|I

— Sargsian Virtual Nucleon

-.|M|.

06 07 08 09 1 1.1 12 13 14 15 16 1.7 18 19 2

xBjorken
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Tensor Spin Observables

JLab LOI12-14-002: Tensor Asymmetry
A,, inthe x > 1 Region
Similar to t,,, butin QE
SRCs & pn dominancell!
Differentiate light cone and VN models!?!
Better understanding of s/d!3]
Final state interaction models!*

& O =0.3 GeV’ Projected
& " =1.5GeV’ Projected
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“The measurement proposed here arises
from a well-developed context, presents
a clear objective, and enjoys strong
theory support. It would further explore
the nature of short-range pn correlations
in nuclei, the discovery of which has
been one of the most important results
of the JLab 6 GeV nuclear program.”
-JLab PAC42 Theory Advisory Committee
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TENSOR SPIN OBSERVABLES

Ideas to probe novel nuclear effects
through tensor structure are growing
rapidly. It is paramount that a high
luminosity, high tensor polarization
target be developed to make these
experiments possible
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PVDIS with SoLID
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QCD Physics with different targets
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12 GeV Upgrade and Variety of Pseudoscalar Meson Production
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® The combination of high beam intensity with large
acceptance detectors allows for precise measurements
of "rare" processes such as deep exclusive reactions:
CLAS12 is uniquely suited for simultaneous detection of
various DVMP channels

® Expansion of the kinematic coverage provides the
opportunity to test the mechanism of pseudoscalar
meson electroproduction in great details and perform
the separation of the contributions from the different
chiral-odd GPDs

Andrey Kim, Joint Town Meetings on QCD, 2014 @ UEUNN
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Projections for GPD E with CLAS12
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Projections for quark transverse profile

N polarization ——>
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Projections for quark transverse profile
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Future prospects of di-jet production at
forward rapidity constraining Ag(x) at low x in

polarized p+p collisions at RHIC

Bernd Surrow
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Results / Status - Gluon polarization program I
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0O RHIC Gluon polarization - Correlation Measurements

O  Correlation measurements provide access to partonic kinematics

through Di-Jet/Hadron production and Photon-Jet production:
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Future prospects - Gluon polarization program
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Future prospects - Gluon polarization program

O AL projections / Forward
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Summary '

O Status: Gluon polarization program:

O First Di-Jet measurement opens the path to constrain the shape of Ag

O Run 9 results: Precise AL measurement suggesting non-zero AG YAl
O New global analysis by DSSV: Lo -
O  Non-zero Ag(x) for x > 0.05 Sill ade
O Larger uncertainties for x < 0.05, i.e. below current RHIC kinematic region! f n
for /pA
O Run 14 STAR BUR request: el
O 6 weeks with Ldelivered = 75pb™ and 60%
O Forward jet production:
O Extend jet measurements at forward rapidity probing Ag(x) as low as 1073 in x
O Good control of sys. uncertainties important (Assume ~ 1 long RHIC runl)
O  Additional probes to be studied: n°%-jet correlations!
O TImportant step prior to a future Electron-Ion Collider (EIC) ~2025!
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